A pproximately 86% of patients with closed head injuries who are examined in the emergency department (ED) present with mild traumatic brain injury (MTBI). 1 The incidence of MTBI in the general population is estimated to be 130 cases per 100,000 persons. [2] [3] [4] Despite the fact that structural damage is infrequent in cases of MTBI, 5 victims often complain of a cluster of symptoms termed postconcussion syndrome (PCS). The symptoms include headache, dizziness, fatigue, irritability, apathy, anxiety, depression, and difficulties with sleep, memory, and concentration. 6, 7 The prevalence of PCS after MTBI varies from 40% to 80% during the first weeks. However, as many as 50% of patients with PCS after MTBI report symptoms for up to 3 months after injury and 10% to 15% for more than a year. 6, 8 Inadequate head injury (especially minor injuries) classification, a lack of methods for grading injury severity, and the definitions of concussion and PCS probably contribute to the controversies in estimating the frequency of PCS. 9 In addition, the expected recovery after MTBI is still being debated. 10 MTBI is defined as a closed head injury that leads to a postresuscitation Glasgow Coma Scale (GCS) score of 14 to 15. 11, 12 The GCS was originally designed to evaluate comatose patients, 13 but its use on admission for MTBI is well accepted in the literature and appropriate for daily practice in the ED. The purpose of this prospective study is to investigate the prevalence and predictors of PCS at 1 month, 3 months, and 6 months postinjury in an adult cohort with MTBI.
MATERIALS AND METHODS

Subjects and Instruments
This prospective study was performed in Western Greece at the University Hospital of Patras. Patients with MTBI (n ϭ 539) were randomly recruited on admission from May 2006 to May 2008. Head injury severity was measured with the GCS on admission to the ED of the hospital. Besides, we use the Colorado Medical Society guidelines to define concussion in this study. According to these guidelines, concussion is a consequence of a closed head injury that is serious enough to cause confusion, amnesia, loss of consciousness, or any combination of these features. 14 A concussion can be classified as mild, moderate, or severe depending on the presence or absence of some symptoms (mild, confusion; moderate, amnesia; and severe, loss of consciousness).
Overall, 223 patients (41.5%; median age 30 years; range, 18.5-57.5 years; Table 1 ) met the criteria of the Colorado Medical Society guidelines for concussion and the additional inclusion criteria: GCS score of 14 to 15 on admission, aged older than 16 years, normal computed tomography (CT) brain scan, normal preinjury mental status, and good knowledge of Greek. The exclusion criteria were as follows: aged younger than 16 years, abnormalities seen on initial CT scan, previous altered mental status or mental disease, communication problems related to the patient's knowledge of Greek, and missing data. Head CT scans were performed according to the Canadian CT Head Rule for patients with minor head injury. 15 All patients received a complete physical and neurologic examination on admission. The patients, their relatives, paramedics, and witnesses were asked in the ED about the type of accident, amnesia, loss of consciousness, vomiting, previous medical and mental history, and bleeding diathesis because of drugs or medical problems. In addition, the patients were asked whether they experienced headache and dizziness. All patients were examined by trauma doctors for coexisting injuries, and blood and urine tests were performed for alcohol and substance intoxication in certain cases. The subjects had telephone interview follow-ups at 1 month, 3 months, and 6 months postinjury and were asked about having any of the aforementioned postconcussion symptoms (International Classification of Diseases-10th revision [ICD-10] criteria). The presence of any preexisting symptoms before the injury was also investigated.
Statistical Analysis
Statistical analyses were performed using SPSS version17 (IBM, Chicago, IL). The differences between the proportions of the various dichotomous variables after the first month were tested using Fisher's exact test. The 2 test was used only for "type of accident," which has five outcomes ( Table 2 ). Age is presented as a median with interquartile range instead of a mean value and SD because it did not pass the Kolmogorov-Smirnov test for normality (Table 1) .
RESULTS
The demographic and injury characteristics are presented in Table 3 . The GCS score on admission was 15 in 84% of the patients, and coinjuries and bleeding diathesis were recorded in 28% and 10.3% of patients, respectively. The prevalence of posttraumatic headache (75%), amnesia (54.5%), and loss of consciousness (42.5%) was remarkably high ( Table 4 ). The rate of PCS at 1 month, 3 months, and 6 months postinjury was estimated to be 10.3%, 6%, and 0.9%, respectively ( Table 5 ). The presence of at least one of any of the aforementioned postconcussion symptoms is presented in Table 6 .
PCS was more frequent among women (17%) and individuals with bleeding diathesis (26%) compared with men (6.4%) and patients without clotting disorders (8.5%), respectively. In addition, higher rates of PCS affected patients who sustained assaults compared with other types of injuries.
A correlation between posttraumatic anosmia and PCS was also observed ( Table 2) .
The presence of "postconcussion-like" symptoms (such as headache, dizziness, and anxiety disorders) before the injury correlated with the development of PCS. Specifically, 48% (12 of 25) of the patients who reported that they suffered from such symptoms before the injury exhibited PCS after the first month. In contrast, among the remaining 198 patients who denied any symptoms before the injury, only 5.5% (11 of 198) developed PCS after the first month. 
DISCUSSION
This prospective study aimed to investigate the prevalence of PCS at 1 month, 3 months, and 6 months postinjury and the predictors of PCS in patients with MTBI. Two major reports are currently found in the literature on diagnostic guidelines for PCS: the ICD-10 and the fourth edition of the Diagnostic and Statistical Manual (DSM-IV) of the American Psychiatric Association. 16 -18 The ICD-10 criteria require a history of MTBI and the presence of three or more of the following eight symptoms: headache, dizziness, fatigue, irritability, insomnia, concentration problems, memory difficulties, and intolerance of stress, emotion, or alcohol. 16, 17 The DSM-IV criteria require a history of MTBI causing significant cerebral concussion, cognitive deficits in attention and/or memory, and at least three of the eight symptoms mentioned above for the ICD-10 criteria beginning or worsening after injury with an interference of social role functioning. The DSM-IV criteria also require dementia to be excluded. 18 Because of the differences in these two reports, limited agreement can be reached for the diagnosis of PCS based on the reports' criteria. 19 Boake et al. 20 found that the prevalence of PCS is higher using the ICD-10 criteria compared with DSM-IV. On the other hand, McCauley et al. 21 found similar results 3 months postinjury in 319 patients with MTBI, concluding that there is no compelling evidence to suggest which of the two sets of diagnostic criteria should be preferred. Moreover, both sets are widely used in the literature. We used the ICD-10 criteria to define the PCS because they are easily applicable.
The characteristics and severity of concussion have been defined in various ways in the literature, including the Cantu guidelines and the guidelines of the American Academy of Neurology, 22, 23 both of which require the medical or paramedical staff to subjectively estimate the duration of confusion, amnesia, or loss of consciousness, a task that is often difficult and unreliable in the ED. However, we used the Colorado Medical Society guidelines to define concussion in this study, as it was previously referred, because it is appropriate for daily practice in the ED.
The occurrence of MTBI and PCS has been called a "silent epidemic" in developed countries because of their considerably high incidence and the fact that the problems affecting these patients are often disregarded. 24, 25 Nonetheless, significant consequences, such as long-term physical, mental, social, or occupational sequelae, may emerge. 24, 25 The symptoms of PCS may result in significant absenteeism at work, maladaptive chronic pain behaviors, and quality of life impairment, particularly if one considers that MTBI is a common presentation in the ED. Because of these issues, MTBI and PCS represent a serious public health issue in developed countries, with estimates of occupational disability ranging from 12% at 2 months to 20% at 1 year. 26, 27 Patients with MTBI are absent from work for 4.7 days on average, and up to 18% are absent for more than a week. 28 Therefore, the economic impact of PCS after MTBI could be large.
In this study in Greece, the incidence of PCS, as it is defined by the ICD-10 criteria 16, 17 was as low as 10.3% at the end of the first month and further decreased to 6% and 0.9% at 3 months and 6 months, respectively. The presence of at least one postconcussion symptom was also not common in our study population. These results do not agree with previous studies in which the rates of PCS and postconcussion symptoms were remarkably higher. 6,8,9,29 -33 In a prospective study including 100 consecutive patients with MTBI in Scandinavia, more than 60% of the patients presented with one or more symptoms at 3 months. 9 Schutze et al. 29 reported that 25% of subjects with MTBI suffer from persisting PCS. The 3-month incidence of PCS in patients with MTBI has been estimated to be 20% to 40% and 28% after 6 months. 33, 34 Moreover, some studies have suggested that postconcussion symptoms of some nature occur at a variable rate (38 -80%) in patients with MTBI. 30 -32 Many possible reasons could account for the difference in the prevalence of PCS between this and previous studies. First, symptom expectation was initially proposed by Mittenberg et al. 35 as a cause of reported PCS after MTBI. That an imaginary concussion may reliably elicit expectations of a group of symptoms virtually identical to PCS implies that expectations share almost as much variance with the syndrome as the head injury itself. 35 However, Ferrari et al. 36 showed a low rate of expectation for any chronic sequelae from such an injury in a Greek population, contrasting greatly with the response in Canada, where the prevalence of PCS is much higher. 36 A previous study had demonstrated different results between Canadians and Lithuanians, indicating a possible cultural difference between Canada and GreeceLithuania. 37 The etiologic role of expectation has been used in the past to explain why PCS after MTBI is uncommon in children and athletic competition. 38 -41 Children, in particular, are less able to appreciate the health risks of head trauma and, thereby, less likely to appraise any minor injury as a potential source of persistent symptoms. Furthermore, participants in boxing, football, and other contact sports have been repeatedly observed to sustain minor head trauma without obvious persistent ill effects. Therefore, low symptoms expectation in Greeks may be a factor that could explain the low rate of PCS.
Second, the lack of litigation cases could be another possible explanation. Litigation has been associated with post-MTBI complaints; MTBI litigants do not improve as quickly as nonlitigants and report more serious effects in some areas than people with more severe brain injuries. 42 Where symptoms persist, compensation and/or litigation is a common factor, 43 and Paniak et al. 44 found that compensation seekers reported a symptom incidence and severity ϳ1 SD higher. Moreover, Mickeviciene et al. 45 suggested that the low incidence of postconcussive symptoms after MTBI in Lithuania is related to the fact that third party insurance for motor vehicle crashes is not mandatory in that country.
Although the lack of such a study in Greece is a limitation, the cultural analogies between Greece and Lithuania, the similar insurance policies in the two countries, and the relatively small number of cases of malingering for litigation in Greece render the lack of compensation, a reasonable explanation for the low rate of PCS in Greeks, which should be further investigated.
Third, the differences in parameters, definitions, and methodology between our and other studies are also important factors that could influence the results. We used the latest classification for head injury severity, which regards those with a GCS score of 14 to 15 as mild cases, in contrast with some studies that included mild head injuries with a GCS score of 13. In the latter case, the results could be affected because patients with more serious injuries would be included in the study, and theoretically, more symptoms could be present after the trauma, although postconcussion symptoms are considered more frequent in the milder cases of TBI. 46 However, we insisted on the use of this definition because a GCS score of 13 should be categorized as a moderate head injury. 11 Concussion implies a transient disturbance of neuronal function secondary to mechanical forces and, therefore, is difficult to objectively define. Several systems exist to classify and define concussion, and other studies use various classifications. Therefore, population samples may differ between the studies, which, of course, could influence the results.
The diagnosis of PCS is much more challenging, because the majority of its symptoms are subjective. An added difficulty is that much research in the past referred to postconcussion symptoms and discussed the presence of one or more symptoms without distinguishing them from the full syndrome. In addition, other investigators who have studied PCS defined it using DSM-IV or other criteria, whereas we preferred the ICD-10 classification because of its simplicity and validity. However, both systems seem to have the same reliability, and the use of either of them could not really affect the results. 21 In any case, our results demonstrate a significantly lower proportion of patients suffering from PCS and postconcussion symptoms, which, in our opinion, cannot be justified just by the differences in the study methodology. Interestingly enough, in our study, the presence of postconcussion-like symptoms before the injury correlated with the development of PCS. This finding is in accordance with previous studies suggesting that people with preexisting headache, depression, or anxiety disorder seem to suffer from PCS at a higher rate than those without such preexisting symptoms. 47, 48 CONCLUSIONS PCS has been called a silent epidemic in developed countries because of its considerably high incidence. 24, 25 In Greece, despite the relatively high rate of minor head injury, there is a very low rate of PCS at 1 month, 3 months, and 6 months after injury. Higher rates of PCS affected women, patients with bleeding diathesis, and patients who sustained assaults. Also, the development of PCS correlated with the presence of postconcussion symptoms before the injury and posttraumatic anosmia.
Cultural differences regarding symptom expectation and the lack of compensation might explain the low rate of chronic symptoms in Greeks. Differences in study methodology could also affect the results. Further studies are needed to illuminate the causes of PCS and reveal the factors that contribute to this remarkable deviation between Greece and other developed countries, considering the probability of significant physical, mental, social, or occupational sequelae and the resulting quality of life and economic impact. 24 2 The relatively low incidence of PCS in a Greek society that has low symptom expectations and lacks monetary compensation is a significant finding that warrants further exploration. The high percentage of PCS over 1 month out from injury in patients who experienced preinjury "postconcussionlike" symptoms further clouds the definition and diagnosis of an already poorly understood syndrome. It is not clear from the presented data whether these patients actually developed PCS or continued to experience their baseline symptoms postinjury. Future analysis of PCS must make a distinction between preinjury asymptomatic and symptomatic individuals to address this ambiguity. Otherwise, exclusion of this population from additional studies may assist in distinguishing PCS from other disorders, thereby streamlining the definition of the true syndrome.
PCS is poorly defined by a loose constellation of cognitive, physical, and psychiatric symptoms that vary in quality, severity, and duration. 3 As part of their objective, the authors set out to determine the characteristics of PCS, yet, they provided only a limited discussion of primarily physical complaints (i.e., nausea and anosmia) found in their patient population. A more thorough categorization of individual symptoms at presentation and at the follow-up intervals would have been a useful analysis and contributed to the understanding of disease course. These data are critical in establishing the definition of the syndrome, and future studies must include a more comprehensive examination of the prevalence of all symptoms within the study population. Furthermore, an understanding of the most prevalent symptoms will assist in PCS recognition and guide the development of treatment algorithms.
Spinos et al. have provided a thoughtful addition to the literature concerning PCS. 2 The inconsistencies in definition and diagnosis make the syndrome not only difficult to treat but also limit prospective examination of the topic. Future studies must focus on the risk factors, symptomatology, and temporal course of the disease to better address the needs of this often overlooked patient population.
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